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SAMPLE: SOFTWARE FOR VAX FORTRAN EXECUTION TIMINC

Lewis H. Lowe
Analysis and Testing Group (tiX-11)

Los Alamos National Laboratory
Los Alamos, New Mexfca

ABSTRACT
SAMPLE is a set of subroutines in use at the Los Al&mos
National Laboratory for collecting CPU timings of v?rious
FORTRAN progrm sections--usually individual subroutines,
These measurements have been useful in making programs run
faster,

The presentation includes a description of the software and
examples of its use.

The software is available on the directory [SAMPLE] of the
VAX SIG tape.

INTRODUCTION

When the use of a computer increa$es, generally
the reslmnse time incredses dnd progrdms tdke
Ionqer to run. When this hdppens, frequently-used
programs should be exdxninea to see whether they
can bc made mare efficient,

One dpprOdCh to code optimization is to lcnk
through d listing for code structures that Ire
obviously wjlsteful. It is better, however, to
determine whaL sections of code require the most
CPU timt dnd put effort into optimizing those
sections. For example, une can never get d five
pcrccnt a!xecution %peedup by optimizing a section
th,~t rcqulrcs only one perct?nt of the execution
tim(! .

A suhroutinc library call~d SAMPLE, ust?d to find
the LPU tlmc rcquirvd by a $ection of (.orlo, is
dcscribcd hrrc IXS wrll IIS d program call,}d I’ROIW,
which plfIrrs SAMJI.[ routine cdlls at the [Intry ,IIIrl
exit of OIICIIsuhrout ino dnd funct inn.

lhII murcof for SAMI’1[ and PROM[. at WCII JS :Ilr
SAMI’LL llbrm’y, thr I’RONI rxI?cuLablr, and a RI”AI)MI
fill’, arv flvfiildhlr of! Illr fiirrctory
thI. VAX \ltitdpII.

111[.!,AMI”I.I lIIIRAMV

\AM1’11 ((ln,,l~lsof fivt, !.uhroutinr~:

[MM1’lt ] d

SAfWIN ,111(1

MN1’[11 illitlalizr and ll~rminatr tlln ,imrnpliIIII
pr(IIrs\; $AMPI)N, ‘;AhWO1 , ,IIWfSAMIISW di,lorminr tIII*
Iurrwlt l,v fII-lIV(I WUt iIwl of rodvi Arr Jv i!ol’d(]l,

ti In ,1 rwmxm I)lorl 5AMIW(, wh[]$o lrIIIIlh if)
l{mqw(md~ nxl~t III*,1! l~a:,t flvr Ilmrk lhr numhrr
IIf I.VIIIIIIII. II) ho t Imwl. 1111! rllquirl,d(Il,cldl.,1111111
,111(1 ( Ill1< ,11”1’~llowll in I 111. I for n pr(l(ll,lm
(Ilvtdrd into 1)111,1$ \Pl ! l,lfl,, - illplll , pll)( l.\,,, ,111{1

{1111pill - Iv!th lhl* Illpll! \(y’tlflll Ilr%lr[j In ItIl.

prl)( P,,! ,.l~rtlllll,

Figurv 1. Use cf the SAMPLE RouLines.

COMMON /SAMPBK/ !OUMMY( 15)
CALL 5AMPIN(3)
CALL SAMPON(L3HPR(CESS )
CALL SAMPON(8H1N~UT )

(INpuT coDEl
CALL SAMPOF

(PROCESS CODE)
CALL SAMPSW(8HOUTPUT )

(OUTPUT COOE)
CALL SAMPDI(6)
[NO

SNMPIN(MX) must tw chllcd to Initialize ~tor~~e,
The arqurncnt is an uppt?r limit on the numlw” of
SCC1 ion,,..

SAMI’ON(NW) is l“dl]t~d Lo bvgin t iming of a ncw
srct.ion. The ndme of thr cl,rrl~nt wxtinn is
rctailld on d >:ack, TIIC arqumcnt is an r?iqht-
char’actcr field that nnmrs tlw nl~w wrtion,

VUII’SH(NAM[) is c,lIIIIII 10 lIIIIIinliminq of ,1 IW,W

SPCI ion Withollt rrl,linlnf: t I1O n dmo of tIll’
currf,nl Srl’tIon, A [,111 to ‘mWsu 1? Iihl. ,1

((III to sAFvJOI f{)ll(}wr(lhy ,1(“,111tII $AMP[)N hIIt
nxw~ ,)ffj(’i,.,,~, 11111fit”(tlmw~nl i~ 11111 ~iqht-
t:htlrll( lrr IIIWIII1of thr IIIIWiII(tinn.

!,AMI’1ll(111) IF, (,1111,11III lormiuttr Iimlnq ,II!II
1~1.,pl,lv 1)111 rvillll,,,d\ \hlNrll Ill I Ill., , ;) ,ln, 4,

Iht, ,trillmw,nl1~ 1111111,,111,11111111 Ilumhl’r III whlrfl

thr (!,11!! Will IM, Wf IIt!,ll,

lhr (Il<lll,lvI11111,11!1,! 1111, 11,11110 of 0,11 t} .ll~( I :(),1

Ollt (1111111’rl!ll, \ II ,111111,11),’[1(,1I 01.(11$!. ltlr



“samples” coiumn contains the number Gf ten-
millisecond clock ticks apparently charged to the
section; the “count” column contains the number of
calls to either SAWON or SAf4PSW with the section
nane as the argument, The “%” column contai,ls an
estimate of the percentage of total cpu time used
by the section, rounded to the nearest unit, The
data used to compute percentages and the estimated
CPU time are adiuc:ed in an attempt to subtract
off the sampling overhead.

Please note that a section name will not appear in
the display unless that section’s name appears as
the argument of a SAMPON or SAMP$W call.

THE PROBE PROGRAM

A program called PROBE will read a ‘ORTRAN input
file and insert SAMPLE calls that set up sections
corresponding to subroutines and functions, PROBE
will prompt for the input file name (typed without
extension) and logical unit number to which the
display will be written, separated by a cornna.

One pass through the data is made to count the
number of program!, functions, subroutines, and
entries; at the same time the identifier for each
of these blocks fs typed. After the list of
identifiers, the number of programs, functions,
subroutines, and entries is typed.

A second pass through the data IS made to write
the new file.

]n chch program, the cnnmsn block SAMPIIK is
declared befwe the first declaration. Also J
c,all to SAMPIN is placorl tw?forc the firtt exl?-
cu!ahlc statvm~rltm If the STOP Or CALL EXIT
occurs in a logical IF stalcment, an ,F - THEN
block IS S@t U)),

In each sulwoutine or function $ubproqrarn, a call
to $AMPON if placrd bcfnre the first cxccutnh)c
$l,ltrmcnt and a cdll to SAM1’Ot is pldco[l hrforc
(’dCh Rl,!ll~N $talwwnl, ~ain, tho IICTW4N \tat,?-
mont mdy dppt~ar in a loqirdl IF ~tatfwwvlt,

I:;,(’IItNIRY >tal(wwnt is followed by a call to
SAMI’ON and pr!v-o,h.dhy a CJII LO SAM1’Ot’, III ra$u

th~ INIRY 1$ unrva(hahlc, (for example, lrmncdi-
at IIl,v foil IIwl II, j a RI.lIIHN ~la!,,mont) tho rnmpttrr
WI II warn t.llalthf,(:AII ‘;AMI!OI”,;1~tomol]t (.at)n(]lIN!
r(!fll, hrd , lbl~ wdr II IIIq m,iy k Ignorrd.

pll[)[!l, I],lfl],,l. fl u,sril (Ill ‘.vv I,ral proqrdm~ wrlttfln hy

dliff,rl,rl 1111101,WIHIII.J I,, I,!lt 11 ( dIIIIIIl havdl I~ ,111

I lM(ll{ /If{ IV-III1:’,lwi]~lr,wn,,. ‘IIIIIII.Ix),;r,il)l(qIlr(]lll(,m,,
,lro:

“ (11111,.11,11 lll,~nk~,f(w rxdmpll!,
[10 1.11,1,!1

* hl Illt~N, ‘,1[11’, ,)?. (’AI I I X[l tn i ,,~fll,l”,,ll)~

I .11)1111111 ! v d 11’1 lIII)p I,lrmln.llnr
* l,, ],,,”,, !1,,,, p,,,,. h (!) ,(,”,,,,.,,1.

* IN(’llill: fill.,. 1’(1!11 Illl!llq {, I, TIII,lI) II,

‘.1 !11,’ml~lll ,..

CASE STUOY 1: 3DMESH CONVERTER

PROBE was used to gather statistics from a
utility called SP1N12, which produces a 30
finite element description by spinning a 20
description about the Z axis,

The display Is show in Fig. 2.” kbst of the
time is required by SP1N12, the main program;
the only other significant user is PRE02, which
converts a 2D element into a ring of 30 ele-
ments. Because the main program is straight-
line code and PRE02 contains nested loops, the
latter was chosen as the optimization candidate.

The subroutine has a loop to read 2D elements
and an inner loop to write the number of 3D ele-
ments requested by the user, The inner loop
contains a test on a fixed value, and some
processing on data whtch changes only in the
outer looP. ]t was a classic and straight-
forward optimization to take the invariant IF .
test out of the loops, and move the processing
of constant data out of the Inner loop. The
result of these changes is displayed in Fig. 3,
The improvement is measurable but less than
satisfactory.

Figure 2, Oata Typed by SAMPDI for SPIN12.

Estimated Orlg!nal Execution Time 74,43.

Interval Samples 2 Count—.— ..— — _

FREFIN 4 0
lGEiCR 1 20;
NEWNOtl 18:; 4 19440
PRE02 2576 J!, 4
SPIN12 4486 60 1

Figure 3. SPIN]?, Ilcfnrc and After,

. Reforn Aftrr Irnprovmnrnt. —.. . -- ...- —— ..-..—....--

Clock limo 1:13.11’I ]:[)/. )1 )x
CPU Tlmc 1:(39.U7 1:06,59 4$
Pm ralllts :?71 I;ltih

1%

CA$F: S!!II)Y?: HOlllllNii?FIOGliAM—.— ——.. . ..—.— ..--,..-.— . ..,- _-

TII(Inrxt codI~ contid,hr,~dwss JI.NNY, whir.h MINIPIS
~,:vtinuoll:. ,.v~lvms from ltl(~lr (Iiffl,rcl)ti,ll
rqlllltl[)ll\. Flquro 4 $,t}(Iwt ttlr all’.~llav for th i:,
proqrdm, lhc two mrl,$lolpllnk!v~ %uhllrt~q~arn<,
F,LI”RIS and I’(l Ill, wvrl? Cllll!.1(11’rl’dfor Ol)tin)!.
Iatlonm

I,XI’RI”S II. lflvIJhIwlIIItlao .1!]I’IpIII\\lIm that ii
part Ill .14[)()-(’)lflt.,lll13rillllul I)llffl. r, IIIITI, t\

mI ru(l-nf -1 1111$ tnformdt 1011 In lhr lIuf fl,r, SIIII Iln

11111$ ll~llqth; tllf Iulflrl’ l., I!llw’1’l,vblllllhfil!,!ll,
(hi f lIhliIIq a hl,lnh, 111(,ill!11!11,11 (()(11. tl!!.llvl f,!

((llltmtt 40(1; lf th{’ 1,11(1 [)( 1111, Iltll* h,lll Ill)! 11,.1,11

roa[ hI~Il, I hl. III, RI I !Illmm wai o~lvnlnrdm A< J
Il!~.1111, mrl!lyHpor,lll~m~ WPI II rII~IIIII, t.d I(I ,Infl.( t

I Ill, 1,11(~ of d 1 11)1,, 1111, ml!ltlf 11’11 I 1)1!0, 1)11

f !I, II IIIII ,1 Ill,lllk, 11’’, I*, wlII. !ll I,, Itlr rom,llllil,~r ,If

11)1~ Itlll, I*, tlldllh; If ,.(!, 1111’ 1! 111. l,, fllll~.lll, (i,



PUTIT is a very simple subroutine to enter a
character string Into a buffer. It contained a
form of UHILE loop to find the last mnbldnk
character in the string, This loop was replaced
by a FORTRAN 77 00 loop with negative Increment;
similar changes were made throughout the program.

The results, show in Fig. 5, are quite pleasing.

Figure 4. Data Typed by SAMPDI for JENNY.

Estimated original exec~tion time 2.JI

Interval

OAT},
LSECLARV
ENAFE
EXPRES
FETCH
F1tiJ,L
GETL IN
GETSyM

Ic
lCDTRM
ICLTRT
JENNY
NAMELU
PREPAR
PRO rAM
PUT Ir
RIC
SETUP
SOLVEV
svr~um
SViMFC
SVTMTM

%Y!?!P!E. —.
3
3 i

7; 3:
14 4

~igurp 5. JLNNY: Ucfnrc and After,

Count——

i
?Q
74
59

1
26

257

1
1
1

231
24
22

454
1
1
1
7
2

28

Lhforr Aftrr Imy-:wmn,:nts—.-. .- -—— ._ ..__... .._..

CON$ISII.NCY

I’tl!llrn 7 ‘. Ilow,, III(, [Ii,, tl-it)lll 1(111 (If 1111. :?”(11”1 1(11) l)f

11111 I IIIW .’1,[ ,lt’l*[t bv Itll, f 11”!1 \llllrlllll 1111, . I Ilt,

Ilk!! 1.111,, v,llllr f ,11 l., Ih)rr ttl,lll !)() 111,!-( Ollt ;I)I)VP ! I1O

Im,lllllll (If !(1 Iw. l{rtlt ,

Figure 6. Uistfibut ion of E~tiTated CPU Times,

Time Count—.

18.39 1
18,41 1
18,47 1
18.55 1
18.54
18.55 ;
le. w
18,64 ;
18,69 1

Figu,-e 7, Distribution of percent Tjm in

Subroutine 1,

Percent Count——

?8
29 :
30 2
31
32 :
34 L
46 1

CONCLUSIONS——-

SAMPI.[ and PROBE havr proved u<eful in deter -
mininq whdt parts of a program should hc con-
slrirrrd for optimization.

It !s thr imthur’s ronrlusion thdt the d~ta
producr,j wnuld hs more uscfu] if the CPU Chzrqp
infrn. m(ltion wprc available in incrvmrnts of ,?ss
thfin 10Iw,

Finally, tr-,wlltlonal optimize! ion mrthorii. r.urh
as pillIlnq Arlt!lml,ticnut of Ioopl, ,lpprtlrto hr
1r\% offl!ctivc th,ln rrplflrin! implicit loops
ulth ~kd~,rn OU loops, which .nrludr trrt)-trip
tll>tinq ,lnd!IrUqllivr inrrrmrnlsl

{,I)IMI,1111,111111111111of 1111. fi}rno~l 11,11,1 lII~lfllllI,l wl!h

! ,Itlll,l 11(1(11 IIl]rl’rml.111 of ItII, I,ll!r! ,.1101111’.1’. Ill!ll

11111 \{llWlllnq lllt,*tvill(Ill mlll!l.,~l,wl,l~)1’0 III(I
11)11(1,


